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Abstract 

We consider a strings-junction holographic model of a probe baryon in the finite- 
temperature supersymmetric Yang-Mills dual of the AdS-Schwarzschild black hole back- 
ground. In particular, we investigate the screening length for a high spin baryon com- 
posed of rotating Nc heavy quarks. To rotate quarks by finite force, we put a hard 
infrared cutoff in the bulk and give quarks a finite mass. We find that microscopic 
strings are embedded reasonably in the bulk geometry when they have finite angular 
velocity co, similar to the meson case. By defining the screening length as the criti- 
cal separation of quarks, we compute the uj dependence of the baryon screening length 
numerically and obtain a reasonable result which shows that baryons with high spin 
dissociate more easily. Finally, we discuss the relation between J and E'^ for baryons. 
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1 Introduction 

Recently there has been much interest in studying strongly coupled QCD in terms of AdS/CFT 
correspondence. The first example of AdS/CFT correspondence is provided by the duality 
between the classical gravity in AdSsxS^ and A/" = 4 supersymmetric Yang-Mills theory p. 
Quarks can be introduced as fundamental, light ones, which appear in the action. They also 
can be introduced as external probes, which are often infinitely heavy and not included in the 
action. In the first case we need introduce the flavor branes, and a background geometry dual 
to supersymmetric SU(A''c) Yang-Mills theory with Nf additional hypermultiplets [15]. In 
this paper we treat the heavy quarks as probes. Since QCD is confining, we always consider 
a quark and an antiquark together. To measure the interaction potential between them, we 
choose a physical, gauge invariant object named Wilson loop 

W[C] = trPexp j iA^dx^" . (1.1) 

By choosing the contour C as a rectangle with length of T in the time direction and two sides 
L in a space direction. When L << T, we can extract the potential Vqq{L) by 

< W{C) >o= exp{-Vqq{L)T) . (1.2) 

In SYM at zero temperature, the potential between probe quark and antiquark separated by 
L is given by [31 [2] 

V (L) - 4vr^ v/2^ 

- -f(T7i)I I (1-3) 

valid in the large Nc and large A limit. In AdS/CFT framework, we obtain the potential by 
computing the action of a hanging string with the infinite boundary C of world sheet. 
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The dual gravity background of SYM gauge theory at a nonzero temperature is an AdS 
metric with a black hole. The potential between two quarks then becomes [3] 

V{L,T) ^ ^/Xf{L,T){L < L,) V{L,T) ^ X'>g{L,T){L > LJ, (1.4) 

where is a critical separation, at which the qualitative behavior of the interaction potential 
between a quark and an antiquark changes. Roughly speaking, if L < Lc, a quark and an 
antiquark form a bound state, while if L > L^, they interact weakly relatively. In a hot plasma, 
the critical length is related to the temperature. 

1.1 Meson in strongly coupled gauge field 

We consider a quark- antiquark bound state as a meson and define Lg = Lc as the screening 
length of meson , which is the critical distance between the quark and antiquark. At separation 
of Lg , the qualitative behavior of interaction potential changes. It is also believed that 
dissociation happens when the quark- antiquark separation is larger than Lg. For example, 
once the screening length at a certain temperature is smaller than the radius of meson (such 
as the J/ip) in the quark gluon plasma, the quarkonium will dissociate. The dissociation of 
meson can be used as a signal of the formation of QGP as well as its temperature profile. Lg 
can be expressed as a decreasing function of temperature and we usually write Lg = a/T^iss in 
a hot plasma, where T^iss is the dissociation temperature, and a is a constant determined by 
the characteristic QCD plasma. Lattice calculations give more details of the static potential 
between a heavy quark and antiquark in hot QCD [6^^ '5]. But the potential between moving 
or rotating quarks is hard to calculate in lattice. 

In recent works [3 El ED], the screening length of meson is analyzed in the case of a moving 
quark- antiquark pair. The velocity dependence of the screening length have been calculatecu 

Lg{v, T) ^ L,(0, r)(l - v'f' cx -^(1 - v^f/' . (1.5) 

^ diss 

From this equation, we see that the meson can not run too fast in order to avoid dissociation. 
At a certain temperature, the limiting velocity can be obtained by calculating the dispersion 
relation of mesons which are described as fluctuation of the flavor brane in the dual gravity 
background P |22] • 

By studying the spectral function of meson fluctuation on the embedded flavor branes, we 
can obtain more information about the phase diagram of a strongly coupled gauge theory. The 
investigation can be extended to more realistic models, such as models with finite chemical 
potential, isospin density, or the Sakai-Sugimoto model [10] . High spin meson can be described 
as a rotating string in the gravity background [11], [121 US] ■ 

"'^It's pointed out in work [20] that over the entire velocity range < ?j < 1 the behavior of the screening 
length is actually closer to (1 — v^^/'^ than (1 — v^Y/^ (this can be seen most clearly in Fig. 12 in a more 
recent paper [21]), and it is only in the ultra-relativistic regime v ^ 1 that the behavior is in accord with the 
exponent 1 /4 determined analytically in [7] . 
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1.2 Baryon in strongly coupled gauge field 

A baryon has a configuration composed of Nc fundamental strings with the same orientation, 
which begin at the heavy quarks on the boundary and end on the wrapped brane on the 
junction vertex in the AdS5 [16]. In the baryon configuration of a very recent work [H], a D5 
brane fills which sits a point in AdSs. A simple action of the hanging string and vertex 
brane was used and the moving velocity dependence of screening length was calculated, which 
is similar to the meson case. 

In this paper, we consider a strings-junction configuration of baryon in the finite temper- 
ature supersymmetric Yang-Mills dual of the AdS-Schwarzschild black hole background. In 
particular, we investigate the screening length for high spin baryons composed of rotating A''^ 
heavy quarks. To rotate the heavy quarks by a finite force, we put a hard infrared cutoff in 
the bulk and give the quark a finite mass. We find that Nc marcoscopic strings are embedded 
reasonably in the bulk gravity with angular velocity uj, similar to the meson case. By defining 
the screening length as the critical separation of quarks, we compute the u dependence of 
the screening length and find that rotating quarks can dissociate more easily because of the 
centrifugal force. In section 2, we analyze the baryon configuration in the AdS-Schwarzschild 
black hole background, and find the strings+brane representation of the high spin baryon in 
the bulk gravity. In section 3, we find the interesting trajectory of strings in bulk space with 
angular velocity u and define the screening length of baryon by using the usual method in 
a hot plasma. Then we analyze the interaction potential between the quarks and show the 
critical behavior at the screening length. Finally we get a reasonable u dependence of baryon 
screening length. In section 4, we relate the angular momentum J of Nc strings to the high 
spin of a baryon and defined the energy E and J charge. We pick up some configurations with 
different u and analyze the relation between E"^ and J. 



2 Baryon configuration 

We analyze a baryon composed of Nc heavy probe quarks in the SYM plasma at nonzero 
temperature. While on the supergravity side, there are Nc fundamental strings with the same 
orientation, which begin at the heavy quarks on the boundary and end on the junction vertex 
in the AdSs. To give the quarks finite u, we need to give them a finite mass scale at first, 
which means that we should put an infrared cutoff in the bulk. We denote the boundary 
radius ta, then a free quark mass is 

"^g = ^^('"A -'^o) • (2.1) 

where the is the string tension and tq is the black hole horizon. A free quark can be 
introduced as a string lying in the radial direction from the boundary to the horizon. Also, 
an infrared cutoff in the bulk can be realized by introducing a single brane, but for simplicity 
we just ignore the backreaction and the dynamics of the boundary brane in our paper. The 
vertex is a D5 brane wrapped on the which sits at the same point in the AdSs. The strings 
also sit the same point in the S^. 
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The dual background AdSs x metric with a black hole is: 



2 ^2 

cis^ = -f{r)df + ^dx^ + + ^'^^^5 , (2.2) 



where 

/(O - ^ (l - ^) . (2.3) 

and -R is the curvature radius of the AdS metric, r is the coordinate of the 5th dimension 
of AdSs and tq is the position of the black hole horizon, dflf is the metric for a unit S5. 
The temperature of the gauge theory is given by the Hawking temperature of the black hole, 
T = ro/(vri?^). The gauge theory parameters Nc and A are given by 

^ = 77 ' ^ = ^?YM = 4vr(7. , (2.4) 

where gs is the string coupling constant and is the string tension. Infinite Nc and large 
A correspond to large string tension and weak string coupling and thus justify the classical 
gravity treatment. We define the dimensionless quark mass 

= !=i . (lA^ = . (2.5) 

When quarks move in a hot plasma, the plasma is like wind if we stand still in the rest frame of 
quarks. The boosted metric can be used to calculate the velocity dependence of the screening 
length [14j. In our paper, we consider quarks rotating in the Xi — X2 plane, the background 
metric can be written as 

ds^ = -f{r)de + '^Jxl + ^ (rfp2 + p^de^) + -i-dr^ + R^dnl (2.6) 
K'^ K'^ j[r) 

where p and 9 are the coordinates in xi — X2 plane. 

Now, we consider a rotating strings configuration corresponding a baryon with high spin. 
It is composed of rotating quarks arranged in a circle on the boundary. For simplicity, we 
define the same angular velocity of Nc strings as constant uj. The axis lies along radial direction 
of the AdS and passes through the central of the boundary circle. Then, we parametrize one 
of Nc strings as 

T = t , a = r , 9 = ut , p = p{r) . (2.7) 

Due to symmetry, Nc strings have the same embedding function p{r). The single string 
Nambu-Goto action is 



^— j dadT^-Aei[hab] , (2.8) 



where hab = g^v g^ag^b • We consider zero moving velocity but a finite rotating speed. The 
^3,3 dependence of baryon properties can be read from [H]. The induced metric on the world 
sheet hab is time independent, and the action can be written as 
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where T is the total time. The action for the D5 brane can be written as [13] 



where V5 is the volume of the compact brane and V(re) = v^— ^00 is the potential for the 
brane located at r = rg. Since the D5 brane sits at a point in the AdS space, we ignore the uj 
dependence of the Sob- 

The total action of the system is then 



^total 



^Itring + 'S'dS , (2-11) 



where we can consider only one typical string to get N(. strings' action for symmetry. We find 
static baryon configuration through extremizing Stotai, first with respect to the p(r)(we ignore 
the 0:3 and 6 for symmetry) that describes the embedding of the Nc strings, and then with 
respect to p(re) and r^, the location of the vertex brane. 

Generally, extremizing Stotai with respect to p(re) and yields the Xi — X2 plane and r 
directions force balance condition(FBC). Since the system is axial sjTiimetric, the position of 
baryon vertex p(re) is fixed and treated as the origin in the Xi — X2 plane. But bulk coordinate 
rg is nonzero and believed to be dependent on uj. 

As above, we get the radial FBC by extremizing Stotai with respect to rg 



i=l 

where 



(2.12) 



i7« = /:«-p'«g^, (2.13) 



T dr^ (27r)%'2 dr^ 



(2.14) 



In the following section, we will find the shape of the hanging string in the rotating case 
and the relation between quark separation Iq and rg change a lot when we increase uj from zero. 
The UJ dependence of embedding function p(r) and the spin dependence of baryon screening 
length will have apparent physical explanation. 



3 UJ dependence of the screening length 

To find the static baryon configuration, we extremize Stotai with respect to p(r) describing 
trajectories of the strings in AdS. The world sheet Lagrange density with parameters in 
(IZ7j) is 
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Figure 1: Strings+brane representation of a Figure 2: Strings+brane representation of a high 
baryon. spin baryon, the bottoms of the strings corre- 

sponds to the cusp of the embedding function in 
Figure [3l 
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^=W-^^P^-^^-/Wj (^y^ + ^p'^W) . (3.1) 



The equation of motion for p(r): 

d d d 



dp{r) drdp'{r) 



C = 0. (3.2) 



To solve the above equation of motion, we need two boundary conditions, the values of p(re) 
and p'{re). Due to the axial symmetry, p(r'e) must vanish. We have p{re) = even if we rotate 
the hanging strings. However, p'(^e) 7^ and it need to be determined by other conditions. 
When we rotate the massive strings, the centrifugal force will change the angle ip shown in 
figure [H where cotip = p'ije). 

In fact we determine by the radial FBC at first. From fl^l^ flZT^ fOij) . the FBC can 
be written as 

V(/:« - ,'«^) - ^^^^-^ (3 3) 

^ 9p'W^" (27r)V2 dr, • ^^-^^ 
Due to the axial symmetry, we can write 

r- _ 1 ^5 gV(re) 

^ dp' iV,(27r)V2 dr, • ^ > 
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Figure 3: The embedding function p(r) at differ- Figure 4: The embedding function p{r) at differ- 



ent values of cu with fixed r^. 



ent values of lo with fixed L, r\ = 100. 



The above equation does not include any unknown function since we choose r = r^. This force 
balance condition gives 



P'{re) 



R 



where 



r-e/(re)V2 



A 




- 1 



(3.5) 



(3.6) 



(27r) 

This equation gives rise to the relation between p'(re) and r^. Because p(r) depends on p'{re), 
we can solve the two equations fl3.2p 03.51) numerically together. 

Solving equation (13. 5p . we have one free input value of Ve- It also means that we can input 
a length of radial trajectory of Nf. strings ta — r^,. When is given, the quark separation on 
the cutoff brane Ig can be calculated by the solution p(r) to 



''A 



p'{r)dr = 2p{r^) 



(3.7) 



When uj increases from to a finite value, the embedding function p(r) can be solved, 
shown in Figure [31 In this figure, we choose the embedding functions of different baryons 
with the same r^. Here, by "different", we mean that the initial separations between quarks 
and their energy are different even when we have not rotated them. It also means that the 
interaction potential between quarks are different while u; = for the curves in Figure O For 
baryon of same spin a larger interaction potential also corresponds to a larger boundary quark 
separation, which will be shown in Figure [9] in the next section. Figure [3] teaches us that the 
strings warp near the horizon but become straight near the boundary, it's reasonable because 
the compact D5 brane is like a box which transfers the interaction between the strings. The 
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Figure 5: dependence of /g at different w. Each Figure 6: u! dependence of the screening length, 
curve has two branches and we choose the right The fit curve is the modified inverse proportion 
part as the physical baryons, r\ = 100. function, r\ = 100. 

corresponding configuration of the baryon is shown in Figure |2l The tip of the string becomes 
lower when we increase u , to guarantee that the speed of the tip is smaller than the speed 
of light and to make the centralfugal force not too large. Since the bottom part of a hanging 
string is heavy, at the same centrifugal acceleration, it sticks out in the p direction apparently. 

If we fix the separation of boundary quarks and stand in the static frame of baryon, the 
rotating medium will try to separate them and make connecting strings in the bulk longer. 
We see these solutions in Figure HI We are interested in the behavior of Ig as changes. 
For different values of u, we plot rg dependence of Ig in Figure [51 In this figure, there is 
an important phenomenon that Ig becomes large at first and then turns to be smaller, as we 
increase r^. Actually, for a given Ig, we get two possible values of Ve from curves in this figure. 
We consider that the right part of the each curve stands for real baryon states and the left part 
is unstable and will be thrown away. It is reasonable because in the right part, r^. becomes 
smaller when Ig becomes larger, which means that a high energy baryon can probe deeper 
position in the bulk than a low energy baryon if they have same spin. We will see that the 
energy of a stable baryon with fixed spin must be larger if the average separation between 
the quarks is larger in the next section. In another view, for baryons of same spin, the only 
way to have high energy is to keep the quarks with large separation stable. However, we can 
introduce high spin to revise this relation between Ig and as shown in this figure. High spin 
helps to weaken the increasing of Ig as Ve becomes smaller. In our classical picture, rotating 
strings can contribute more energy than unrotating strings. 

We define the baryon screening length as the critical quark separation in Figure [51 When 
uj increases from zero, the screening length seems to decrease as oc - in Figure [61 When we 
fit the curve using 



boo 



d. 



(3.8) 
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Figure 7: Linear velocity dependence of screening length 



we find the best result is 

0.51 , , 

I, = 0.85. 3.9 

We also finished the numerical computation of v dependence of Is in Figure [TJ where v is the 
linear velocity of quarks, where v = lqUj/2. When uj is very large, the linear velocity is indeed 
close to 1. At the same time the quark separation is very small. Our calculation shows that Is 
decrease very slowly as the velocity becomes close to 1. □ However, we can not find a suitable 
function like (11. 5p to fit the curve. The curve is very different from the usual curve which 
describes dragging velocity dependence of Ig in (11.51) . The main reason we think is that the 
dragging effect is very different from the rotating effect. Actually, different parts of hanging 
string have different linear velocities, which is very different from the dragging case. We should 
note that if we add a drag force in the direction which is orthogonal to the rotating plane, 
we may find that dependence of Is is similar to (11.51) [llj. 

In hot plasma, the screening length depends on the temperature directly and it is different 
for various hadrons. The smaller screening length of a baryon with higher spin makes itself 
dissociate more easily at a certain temperature in the plasma. The real plasma always becomes 



^ In our paper, Is is a parameter which shows how big the baryon can become to keep ahve in the plasma. 
It's different from the "maximmn spin size" in [11] . 
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Figure 8: r\ dependence of screening length at Figure 9: The interaction potential of baryon 
different values of oj . configuration with a given Iq for several values of 

the angular velocity uj, r\ = 100. Two branches 

meet at L = L . 



cold very quickly after formation, the baryons with high spin appear later than the low spin 
baryons. 

For simplicity, we ignore the backreaction of the cutoff brane. For different values of rUq, 
the screening lengths are shown in Figure [Si In this figure, we find that the screening length 
almost keeps the same value while we choose different cutoffs. It shows that the screening 
length is a property of the medium, which is a strongly coupled SYM in this case. When we 
choose a very large cutoff in the bulk, the bulk theory is more like the SYM. Due to conformal 
invariance of SYM, scale dependence of screening length is negligible. 



4 High spin baryon at nonzero temperature 

In section 3, we argue that a baryon with high spin can be described by rotating semiclassical 
strings together with a massive brane. Screening length is considered as the most important 
signal of quark gluon plasma. Now, we will pay more attention to the properties of the baryon 
itself. In this section, baryon energy and angular momentum will be defined. More evidence 
of high spin will be given by the relation of the energy and the angular momentum. We find 
two branches oi J — curves. 

Now, we want to give the definition of baryon energy and angular momentum. We write 
the string Lagrange from the Nambu-Goto action fl2.9l) 

L = [ dr^ - ( ^p2^2 _ j(^) ) ( 1 + ^p'2(r) ) . (4.1) 
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Figure 10: uj dependence of bar yon energy with 
fixed Tg. 
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Figure 12: Two branches oi J — behavior of Figure 13: uj dependence of baryon energy with 
baryon with fixed r^. fixed Iq on the boundary. 

The angular momentum and energy of the string (we choose positive values) are 
dL 1 



Jstring - 



and 



- —-T - -J— 



The energy of D5 brane is given by 



dr — , 

Hp'-' - m) (th + wP"i 



(4.2) 



dr 



El 



brane 



- p2^2 - /(r)) (7^ + fp'^(r)) 



V(re)l^5 
(27r)5a'3 • 



(4.3) 



(4.4) 
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Figure 16: lo dependence of baryon energy with Figure 17: u dependence of baryon J charge 
orthogonal boundary condition. with orthogonal boundary condition . 



The total energy and J charge of the baryon can be defined from the bulk strings and 
compact D5 brane 

Etotal -^c-^ string ~l~ -^branei (^■^) 

and 

J total -^c J string ~\~ Jbranei (^■^) 

where Egtring , Jstring are string energy and J charge with r\ cutoff. Using the above equations 
(I12I)(|131)(|13!)(|ll5l)(|t^ finally we obtain 



Etotai-^J I ^ T+(2^' (4-7) 
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Figure 18: J — E"^ behavior of baryon with the Figure 19: Embedding function with orthogonal 
orthogonal boundary condition. boundary condition at different values of oj. 



and 



J total ~ 2^fy' / — I f ^ Jhrane (4.8) 



The energy of a hanging string is very large for the mass of free quark, which corresponds to 
the straight string energy. To define the interaction potential E'/, we need to subtract the A^c 
free quarks masqj 



E, = ^l *. (4.9) 



then the interaction potential can be given 

Ej = NcEstring — Eg + Ehrane ■ (4-10) 

We find the Iq dependence of the Ej in Figure [91 In this figure, the interaction potential also 
has a critical behavior at the critical value of lq{lq = L^). For the given Iq we choose the low 
energy as the energy of stable baryon, and the lower energy also corresponds to the larger Vf. 
in Figure [5l 

We investigate u dependence of the baryon energy and J charge with three different con- 
ditions. The first one, we fix the rg. The configurations with different u are shown in Figure 
O We compute u dependence of the energy and charge and give the numerical result in figure 
fTOfTlfl . Numerical results about Jtotai — E'^otai relation are shown in Figure [121 In figure [TOl[TTl 



■^At first, we subtract the rotating Nc free quarks mass Eg — f^^ dr{—. i ) and at a; ^ we 

' 6 c H q 27ra' Jro \/l-p2(rA)cj2 ^ 

see a smooth curve along which E and Iq achieve their maximum values at different points in Figure (HIJvl of 
work |29jh It leads to some puzzles. We thank the editor for pointing out the important question. 

^We should note that in Figure[TOl the left part of each curve divided by the green line corresponds to points 
with = 3 on different curves which include the point (rg = 3) on their right arms in Figure [3 The right 
arms of curves in Figure [5] are considered as configurations of real baryon probes. (There are same arguments 
for Figure [n] and [El). 
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three different curves correspond to three different cutoffs. We can see the oj dependence of 
Etotai and Jtotai- We find that as uj increases from zero, the energy and charge become larger 
at first and then decrease. The curves have highest points both for the energy and charge. We 
can explain this phenomena. Two main factors of the variance of energy are angular velocity 
uo and the rotating radius p. The former is dominant at first and the latter is dominant when uj 
is big enough. The same thing happens to the J charge. We find that there are two branches 
for the Jtotai — Ef^^^i relation of baryons. 

The second one, we fix the quark separation Ig on the boundary brane. It implies that we 
consider the baryons with almost the same size. We compute u dependence of the energy and 
charge numerically in Figure [131 [IH We give the J — behavior in Figure [151 

At last, we choose a boundary condition which will be discussed as follow. We want to 
analyze the boundary condition on the cutoff brane. In section 2, we get the Nambu-Goto 
action after parameterizing the string world sheet in spacetime: 




Sstr^ng = 7^ drJ~i — p2^2 _ J(^) + p'2^r) . (4.11) 



Variation of the action gives the boundary term: 



27ra' dp' 



(4.12) 



In section 3, we calculate the screening length by considering Sp{r/<^) = 0. Because we think 
that the orbit of the rotating string is exactly a close circle and the radius never changes for 
the given u. But Sp{r\) ^ when we try to change uj. We want to pick up some configurations 
which can stand for the baryons, with same component quarks but different cj, and analyze lo 
dependence of the energy and charge. So we choose the boundary condition satisfying |^ = , 
from which we obtain 

i = -4) (4.13) 

^ ' A 

or 



p'(rA) = 0. (4.14) 

We see that the end point of string moves with light speed on the cutoff brane with the first 
condition 04.131) . While the string is orthogonal to the brane with the second condition fl4.14p . 

We now want to give more details about the embedding of the string with angular velocity 
io and define properties of baryon with these two boundary conditions. We want to look at 
the condition fl4.13p first. Unfortunately after analyzing a certain p(r) with small cj, we can 
not find a light speed point. Then we look at the condition (14.141) . From our numerical result 
in the section 3, no matter what value of is given, the strings are always orthogonal to the 
boundary plane in the infinitely point in radial direction. However, for our cutoff ta, we can 
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only choose a solution satisfying the orthogonal condition in finite point ta, which corresponds 
to the highest point in Figure [31 Thus we can pick up the string configurations satisfying this 
orthogonal boundary condition as shown in Figure [191 

All the hanging strings are orthogonal to the cutoff brane. This condition provide us a 
requirement to pick up one kind of configurations with different spin^. Thus we can pick up 
them and investigate oj dependence of Etotai and Jtotai- The corresponding embedding functions 
are shown in Figure [191 The boundary separation p(rA) becomes small when we increase the 
uj. Assuming uj ~ p{rx)^. From Figure [T9| we can set n = —1.5. Then we consider a rough 
and simplest rotating quark picture on the boundary brane. The force balance condition in p 
direction gives 

= rrigu^p (4.15) 

where the right part is the centrifugal force. Using u ~ p{r\)~^'^, we obtain Ej ~ p~^. Here, 
we just ignore the variance of the function Ei{p) when uj increases from zero. Let us turn to 
Figure [91 and look the numerical result. If we fit the curve with ui = 0.5 by using 

2Et 

-—L^ = all + b,{pirA) = l,) (4.16) 

we obtain 

a = -0.060,6 = 0.762, c= -1.018 (4.17) 

while we get 

a = -0.637,6 = 0.949, c= -1.008 (4.18) 

for the curve with uj = 0. The values of c satisfy Ej ~ p^^. 

We compute the u dependence of the energy and charge as in Figure [161 [HI And, we 
compute J — E^ behavior numerically in Figure [TSl The curve has two branches and we fit 
them by using the linear function respectively. We choose the fit function as 

-^ = ai^^r + b, (4.19) 

then we get 

= 601.606,6= -586.255. (4.20) 
with small u corresponding to the upper branch and 

a = 652.6,6 = -639.9 (4.21) 

with large u corresponding to the lower branch. The value of a can be used to detemine the 
Regge slope, with the coefficients before E and J. 



^Here, the baryons with orthogonal boundary condition are still unstable if we consider the downward 
force on the boundary brane. However, this condition can provide us a reasonable requirement for picking up 
configurations with different uj. The results in Figure [T9l satisfy ()4.15p . which implies that the configurations 
with this condition do not have other external forces. That is natural and very different from the two former 
conditions (fixed re or Iq). 
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5 Discussion and Conclusion 



In this paper, we calculate the uj dependence of the baryon screening length in hot plasma. We 
use the strongly coupled SYM gauge theory to describe the quark gluon plasma and consider 
baryon as a probe. By considering a simple model of baryon in the AdS/CFT frame, we 
investigate the signatures of baryon probe through the bulk calculation, which are useful to 
properties of probe of in strongly coupled gauge theory. In particular, we consider baryons 
with high spin using the rotating strings for the first time, and obtain the lo dependence 
of the embedding function of hanging strings and screening length. The relation between 
screening length and spin may be an important experiment signal for the QGP. The energy 
and charge have been defined for the high spin baryon in our paper. We investigate the J — E"^ 
behavior of baryons, and give the numerical results in three different conditions in our paper. 
Among them, we argue that these solutions with orthogonal boundary condition are the best 
candidates for baryons with same component quarks but different spins. The most important 
is that we obtain two branches oi J — behavior. The slope is large for large uo as shown 
in Figure [T51 We ignore the Jtrane, which means there is no intrinsic spin of D5 brane. These 
behaviors are probably most important properties of baryons in strongly coupled plasma. 

However, in real relativistic heavy ion collisions quark gluon plasma is different from Af = 4 
SYM. To achieve the goal of understanding phenomena in relativistic heavy ion collisions, con- 
formal invariance is broken via an one-parameter deformation of the AdS black hole dual to 
the hot TV = 4 SYM plasma, and robustness with respect to the introduction of nonconformal- 
ity of five observables of strongly coupled plasmas that have been calculated in AT = 4 SYM 
theory at nonzero temperature has been investigated [191 [26]. The result shows that, in a toy 
model, the jet quenching parameter and screening length are affected by the nonconformality 
at the 20 ~ 30% level or less, but the drag and diffusion coefficients for a slowly moving heavy 
quark are modified by as much as 80%. 

On the other hand, considering the QGP be nonsupersymmetric, we can use other realistic 
geometry backgrounds. We can compactify a space dimension and give antiperiodic boundary 
condition for the fermions to break supersymmetry completely. In the baryon model in our 
paper, the compact brane sits at the same point in the AdS space and has a simple action. 
Actually the compact brane can be always very heavy and has a nontrivial trajectory in the 
AdS. For example, in general case the trajectory of the compact brane in the AdS space 
(including time direction) can be a plane, but not a line. 

If we consider different compact D branes, the embedding function of the brane in the bulk 
can be determined by the DBI action. In this case, the compact brane can be enlongated 
to mimic a string, so the lengths of the string tend to be zero [HI [25], [2ll [27]. Properties of 
baryon will be effected by the brane configuration. Along this way, we can get more interesting 
properties of the dual baryon model in AdS/CFT and get more informations of the baryon 
probe in hot plasma. 

After this work was finished, there appears very recent work investigating the properties 
of baryon in strongly coupled gauge field [28] . 
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